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1
RADIO COMMUNICATIONS SYSTEM AND
METHOD PERFORMED THEREIN

FIELD

The invention relates to mobile communications. More
particular, the invention relates to radio communications sys-
tems and methods performed therein.

BACKGROUND

A communication between components of a cellular radio
network may be based on link adaptation and User Equipment
(UE) pairing. Radio communications systems and methods
performed therein constantly have to be improved. In particu-
lar, it may be desirable to improve the quality and the perfor-
mance of a communication between components of the sys-
tem.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the disclosure are made more evident by way of
example in the following detailed description of embodi-
ments when read in conjunction with the attached drawing
figures, wherein:

FIG. 1 is a schematic block diagram of a method 100 in
accordance with the disclosure;

FIG. 2 is a schematic block diagram of a method 200 in
accordance with the disclosure;

FIG. 3 is a schematic block diagram of a method 300 in
accordance with the disclosure;

FIG. 4 is a schematic block diagram of a method 400 in
accordance with the disclosure; and

FIG. 5 illustrates performances of radio communication
systems.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawings, which form a part thereof, and in
which are shown by way of illustration embodiments in
which the invention may be practiced. It is understood that
further embodiments may be utilized and structural or logical
changes may be made without departing from the scope of the
present disclosure. It is further understood that the features of
the various exemplary embodiments described herein may be
combined with each other, unless specifically noted other-
wise. The following detailed description is thus not to be
taken in a limiting sense, and the scope of the present inven-
tion is defined by the appended claims.

As employed in this specification, to the extent that the
terms “include”, “have”, “with” or other variants thereof are
used in either the detailed description or the claims, such
terms are intended to be inclusive in a manner similar to the
term “comprise”. The term “exemplary” is merely meant as
an example, rather than the best or optimal.

The methods described herein may be performed in various
wireless communication networks such as Code Division
Multiple Access (CDMA), Time Division Multiple Access
(TDMA), Frequency Division Multiple Access (FDMA),
Orthogonal FDMA (OFDMA) and Single Carrier FDMA
(SC-FDMA) networks. In this connection, the terms “net-
work”, “system” and “radio communications system” may be
used synonymously. In radio communications systems, a
transmitter transmitting one or more radio communications
signals over one or more radio communications channels may
be present. The transmitter may be a base station or a trans-
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mitting device included in a user’s device, such as a mobile
radio transceiver, a handheld radio device or any similar
device. Radio communications signals transmitted by trans-
mitters may be received by receivers such as a receiving
device in a mobile radio transceiver or mobile station. By way
of'example, a mobile station may be represented by a cellular
phone, a smartphone, a tablet PC, a laptop, etc. Note that a
base station may also be referred to as “Node B” or “eNode
B” and a mobile station may also be referred to as “User
Equipment” (UE). In the following, the respective terms shall
have the same meaning, which meaning shall include the
definitions given in the various standards (e.g. UMTS, LTE
and derivatives thereof).

The methods and systems described herein may be oper-
ated according to a Multiple Input Multiple Output (MIMO)
technique providing the use of multiple antennas at both, the
transmitter and the receiver. It is understood that the described
methods and systems may also be operated for the case of
only one antenna at the receiver. MIMO is a part of wireless
communications standards such as IEEE 802.11n (Wi-Fi),
4G, 3GPP Long Term Evolution, WiMAX and HSPA+. In this
context, the term “spatial-multiplexing” may be used which
corresponds to a transmission technique in MIMO wireless
communication and which may be used to transmit indepen-
dent and separately encoded data signals, so-called streams,
from each of the multiple transmit antennas of a base station.
Similarly, a mobile station may receive multiple transmitted
streams by means of a plurality of receive antennas. An
encoding of data in spatial-multiplexing may be based on an
open-loop approach or a closed-loop approach.

Multi-User (MU) MIMO schemes allow multiple mobile
stations to share the same resource in frequency and time
domains, i.e. same resource blocks, and multiplex their sig-
nals on the spatial domain. MU-MIMO may be regarded as an
extended version of the Space-Division Multiple Access
(SDMA) scheme. In 3G/HSPA MU-MIMO, the mobile sta-
tions may also share the same time and channelization code
(e.g. Orthogonal Variable Spreading Factor (OVSF)/Spread-
ing Code). For MU-MIMO, a base station may schedule
multiple mobile stations for a data transmission. Transmis-
sion data is then transmitted from the base station to the
scheduled mobile stations simultaneously. During a data
transmission, interferences between data streams transmitted
from the base station to the co-scheduled mobile stations may
occur. Note that the terms “mobile station of interest” and
“co-scheduled mobile station/interfering mobile station”
used in the following do not refer to an identical mobile
station, but correspond to two different mobile stations of two
different users.

The methods and systems described herein may utilize a
spatial correlation matrix configured to determine and/or con-
figured to mathematically describe a correlation of e.g. chan-
nels between a mobile station and different transmit antennas
of a base station wherein the correlation may be observed at
the mobile station. A spatial correlation matrix may be com-
puted at the mobile station on the basis of signals received
from the base station, for example pilot signals. In particular,
a spatial correlation matrix may be based on and/or may be
formed of channel matrices associated with the channels
between the respective transmit antenna of the base station
and the mobile station.

The methods and systems described herein may utilize link
adaptation. In link adaptation, modulation and coding param-
eters as well as further signal and protocol parameters may be
dynamically adapted to conditions of an associated radio
channel or link which may depend on path loss, interference
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effects, etc. Such parameters may be adapted periodically, for
example for every frame or every sub-frame, in particular
every 2 milliseconds.

The methods and systems described herein may utilize a
channel state information (CSI). In wireless communications,
CSImay refer to channel properties of a communication link.
Such information may specity how a signal propagates from
a transmitter to a receiver and thereby may represent the
combined effect of, for example, scattering, fading and power
decay with distance. CSI may support link adaptation in order
to achieve reliable communications with high data rates in
(MU)-MIMO systems. CSI may be estimated at the receiver
and may be fed back to the transmitter in a quantized form.
Note that fed back CSI may be further processed by the
receiver. That is, a transmitter and a receiver may provide
different CSI wherein CSI at the transmitter and CSI at the
receiver may be referred to as CSIT and CSIR, respectively.

For example, CSI may include or may be used to determine
a channel quality indicator (CQI). A CQI may be based on a
measurement of a communication quality of one or more
wireless channels. Hence, a CQI may be a value (or values)
representing a measure of a channel quality for a given chan-
nel. Similar to CS]I, the term CQI may refer to channel infor-
mation provided by the transmitter or the receiver. In particu-
lar, the term CQI may refer to information determined at a
mobile station as well as to information determined at a
mobile station and fed back to a base station and processed by
the base station. For example, a high value CQI may be
indicative of a channel with high quality and vice versa. A
CQI may be computed by utilizing values of a Signal-to-
Noise Ratio (SNR), Signal-to-Interference plus Noise Ratio
(SINR), Signal-to-Noise plus Distortion Ratio (SNDR), a
Signal to Leakage plus Noise Ratio (SNLR), etc. ofa channel.
Of course, a CQI may depend on an employed modulation
scheme. For example, a communications system based on
CDMA may utilize a different CQI compared to a communi-
cations system utilizing OFDM. In MIMO and space-time
coded systems, a CQI may also depend on the receiver type.

The methods and systems described herein may utilize
precoding weights, precoding vectors, precoding matrices,
etc. In SU-MIMO systems, a precoding scheme may be based
on weighting multiple data streams emitted from the transmit
antennas of a base station with weights that may be chosen to
maximize a signal power at the receiver output and thus the
link throughput. In MU-MIMO systems, precoding weights
may e.g. be chosen to maximize a sum capacity. MU-MIMO
may be supported by codebook feedback based precoding or
a dual-codebook approach. In practice, a precoding codebook
including multiple predetermined precoding weights (or pre-
coding vectors or precoding matrices) may be stored in a base
station such that appropriate weights may be chosen from the
codebook on the basis of channel information, for example
CSI and/or a CQI. Alternatively, precoding weights may be
determined by the base station at predetermined times and/or
periodically.

The methods and systems described herein may utilize UE
scheduling or UE pairing. In MU-MIMO, a sum throughput,
i.e. asum of data rates of all mobile stations, may be increased
by scheduling multiple mobile stations on the same time and
frequency resources. In particular, scheduling two mobile
station on a same time and frequency resource may be
referred to as UE pairing. It is understood that more than two
mobile stations may be scheduled on the same time and
frequency resource.

The methods and systems described herein may utilize an
Uplink/Downlink reciprocity. In a Time Division Multiplex
(TDD) system, CSI for a closed-loop transmission may be
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obtained by leveraging multipath channel reciprocity. That is,
a mobile station may transmit a specialized sounding wave-
form that may allow the base station to determine the uplink
channel. The downlink channel between the base station
transmit antennas and the mobile station receive antennas
may be then be estimated under an assumption of reciprocity.

In the following, various methods performed in radio com-
munications systems are described. It is understood that com-
ments made in connection with a described method may also
hold true for a corresponding radio communications system
configured to perform the method. For example, if a specific
method step performed by a mobile station or a base station is
described, it is understood that a corresponding mobile sta-
tion or base station of the radio communications system may
include a unit to perform the described method step, even if
such a unit is not explicitly described herein.

Methods 100, 200, 300 and 400 in accordance with the
disclosure are described. It is understood that each of these
methods may be modified by adding further method steps. In
particular, a method may be extended by one or more method
steps described in connection with a respective other method.
Further, additional method steps may be derived by all further
parts of this description, unless specifically noted otherwise.

FIG. 1 illustrates a schematic block diagram of a method
100 in accordance with the disclosure. In a method step 1, a
spatial correlation matrix is determined at a mobile station. In
a method step 2, the spatial correlation matrix is normalized.
In a method step 3, the normalized spatial correlation matrix
is transmitted from the mobile station to a base station. In a
method step 4, a channel quality indicator is determined at the
base station wherein the channel quality indicator is based on
the normalized spatial correlation matrix.

FIG. 2 illustrates a schematic block diagram of a method
200 in accordance with the disclosure. In a method step 5, a
channel state information is determined at a mobile station
wherein the channel state information is based on a trace of a
spatial correlation matrix determined by the mobile station
and based on a noise power determined by the mobile station.
In a method step 6, the channel state information is transmit-
ted from the mobile station to a base station. In a method step
7, a channel quality indicator is determined based on the
channel state information at the base station.

FIG. 3 is a schematic block diagram of a method 300 in
accordance with the disclosure. In a method step 8, a channel
quality indicator is determined for a communications system
including a base station and at least two mobile stations
wherein determining the channel quality indicator is indepen-
dent of an interference between a first data stream transmitted
between the first mobile station and the base station and a
second data stream transmitted between the second mobile
station and the base station. In a method step 9, it is deter-
mined whether the base station schedules the first mobile
station and the second mobile station for a simultaneous data
transmission between the base station and the mobile stations.

FIG. 4 is a schematic block diagram of a method 400 in
accordance with the disclosure. In a method step 10, a first
normalized spatial correlation matrix (see “SCM”) is deter-
mined at a first mobile station. In a method step 11, the
normalized first spatial correlation matrix is transmitted from
the first mobile station to a base station. In a method step 12,
a second normalized spatial correlation matrix is determined
at a second mobile station. In a method step 13, the normal-
ized second spatial correlation matrix is transmitted from the
second mobile station to the base station. In a method step 14,
a first channel state information is determined at the first
mobile station wherein the first channel state information is
based on a trace of the first spatial correlation matrix and on
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a noise power determined by the first mobile station. In a
method step 15, the first channel state information is trans-
mitted from the first mobile station to the base station. In a
method step 16, a second channel state information is deter-
mined at the second mobile station wherein the second chan-
nel state information is based on a trace of the second spatial
correlation matrix and on a noise power determined by the
second mobile station. In a method step 17, the second chan-
nel state information is transmitted from the second mobile
station to the base station.

In a method step 18, a first channel quality indicator is
determined at the base station wherein the first channel qual-
ity indicator is based on the normalized first spatial correla-
tion matrix and based on the first channel state information. In
a method step 19, a second channel quality indicator is deter-
mined at the base station wherein the second channel quality
indicator is based on the normalized second spatial correla-
tion matrix and based on the second channel state informa-
tion. In a method step 20, at least one of the following steps is
performed: (1) performing a link adaptation of a transmission
channel between the first mobile station and the base station
on the basis of the first channel quality indicator, (2) perform-
ing a link adaptation of a transmission channel between the
second mobile station and the base station on the basis of the
second channel quality indicator, and (3) determining on the
basis of the first channel quality indicator and on the basis of
the second channel quality indicator whether the base station
schedules the first mobile station and the second mobile sta-
tion for a simultaneous data transmission of first data between
the first mobile station and the base station and second data
between the second mobile station and the base station.

It is understood that the schematic illustration of FIG. 4
does not necessarily imply a specific chronological sequence
of'the illustrated method steps 10 to 20. For example, method
steps 10 and 12 as well as method steps 14 and 16 may be
performed at the same time or may be delayed with respect to
each other, respectively. The same holds true for method steps
11 and 13 as well as method steps 15 and 17, respectively. As
a further example, method steps 18 and 19 may be performed
at the same time while, alternatively, method step 19 may e.g.
also be performed while even none of the method steps 10 and
12 has even started.

Reference is now made to a MU-MIMO system in which a
base station communicates with a number of K mobile sta-
tions simultaneously on the same time-frequency resource.
The base station may include an arbitrary number of N, >1
transmission antennas and each of the K UEs may include one
or multiple receive antennas. Precoded data x transmitted by
the base station at an arbitrary time instant may be expressed
as

1 & D
X= W; WiS;i.

Here, w, denotes a precoding vector of dimension N, x1 for
the i-th mobile station which may be chosen from a precoding
codebook having an arbitrary number of entries. In addition,
s, denotes a (normalized) data symbol of a modulation alpha-
bet employed by the base station for encoding the transmitted
data for the i-th user. Precoded data x thus may correspond to
avector of dimension N, x1 containing signals sent by the N,
transmission antennas of the base station. The vector x may be

normalized, i.e.
Efx"x]=1 )

wherein E denotes an expectation operator.
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A signal y, received by a mobile station of interest may be
expressed as a vector

yi=Hx+v 3

of dimension N, x1 wherein N, denotes the number of
receive antennas at the mobile station of interest. H, denotes
a channel matrix of dimension N, xN, which is assumed to
be known or estimated at the mobile station of interest. In
addition, v denotes noise, for example Additive White Gaus-
sian Noise (AWGN) having a variance of o,>. Combining
equations (1) and (3), the received signal y, may be written as

1 ZK: (€3]
yi=—=—H; > ws;+v
=
or
1 1 & ©)
y = —Hws + —H, WS + V.

Various schemes may be used to determine a transmitted
signal s from a received signal y,. For example, an MU-
MIMO equalizer may correspond to an interference unaware
equalizer, e.g. including a Maximum Ratio Combiner. An
MRC scheme may be expressed by

H 6
Surc = S ©
e I1?
wherein §, . corresponds to a determined symbol and
1 M
heg = WHIWI

represents an effective channel matrix having a dimension of
N, x1. Combining equations (5) and (6) results in

K 8
hnglz w;s;
=)

[P

B hgfsl
Vg |12

*

SMre +v.

In order to compute Log Likelihood Ratios (LLR) corre-
sponding to the symbol §, -, a mobile station of interest may
completely neglect the interference term and assume the
SINR to be

®

Since utilizing an MRC scheme may not combat a co-sched-
uled mobile station interference, its performance may dete-
riorate significantly when the interference power is not neg-
ligible compared to that of additive noise, i.e. at high and
medium SNRs.

A further scheme to determine a transmitted signal s may
be performed by an interference aware equalizer which may
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correspond to or may include an Interference Rejection Com-
biner (IRC). An IRC scheme may be expressed by

Sirc=SINRiRSIRC Norm (10)

wherein § 5 and SINR ;. may be defined by

-Norm

s hgf R;Xl y1 (11
IRC-Norm = Th 57—

B R L hogy
and

SINRigc = Wil R by, (12)

respectively. R, denotes an interference plus noise covari-
ance matrix which may be written as

a3

wherein [ denotes an identity matrix. A pre-requisite for per-
forming an IRC scheme may be that the precoding vectors of
the interfering mobile station are known to the mobile station
of interest.

In the following, a scheme including CSI feedback for
enabling a CQI prediction at a base station is described. It is
noted that methods described herein may include any of the
operational steps described in this connection. For the sake of
simplicity, a MU-MIMO system including a base station and
two mobile stations is considered. It is understood that the
described scheme may be also applied to a multi-antenna
system including more than two mobile stations. Further, the
described scheme may also be applied to a SU-MIMO system
having one mobile station.

During an operation, each mobile station may estimate a
downlink channel, e.g. on the basis of pilot symbols, thereby
determining a channel matrix. The channel matrix deter-
mined by the i-th mobile station for a k-th subcarrier may be
denoted as H, ;. Accounting for a set of subcarriers corre-
sponding to a sub-band, a spatial correlation matrix R, may be
determined at each mobile station according to

14

1
Ri=— § HE Hiy.
‘ |S| kes o

ISI denotes the number of considered subcarriers and the
superscript H denotes hermitian conjugation. R is a hermitian
matrix of dimension N, xN,_ and may represent an average
channel quality. It may be utilized in a MU mode, but also in
an SU mode.

Each mobile station may normalize its spatial correlation
matrix R, for example, by diving its entries by its trace

1 (15)
G=—-—R.
trace(R)

Due to the normalization, the spatial correlation matrix may
be independent of noise powers.

Each mobile station may transmit its normalized spatial
correlation matrix G to the base station. For this purpose, each
mobile station may quantize the entries of its respective spa-
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tial correlation matrix on the basis of a modulation alphabet,
for example 16-Quadrature Amplitude Modulation (QAM),
64-QAM or any other Phase Shift Keying (PSK) modulation
alphabet. Note that a quantization may have particularly
become possible due to the normalization of equation (15).
For the case of a radio communications system based on
TDD, feeding back (normalized) spatial correlation matrices
to the base station may be omitted. Alternatively, a normal-
ized spatial correlation matrix may be estimated at the base
station on the basis of an Uplink/Downlink reciprocity.

Each mobile station may determine a CSI (or CQI) accord-
ing to

B trace(R)

16
CQlserp = o

2
U—n

wherein o,” denotes a noise power which may be estimated
by the respective mobile station. In equation (16), the sub-
script “SCF” stands for Spatial Correlation Feedback. Each of
the determined CQI values, e.g. represented in dB values,
may be quantized and transmitted by the respective mobile
station to the base station. For this purpose, the CQI value
may be transformed by the respective mobile station to a
linear scale. For example, an exemplary range from -10 dB to
30 dB may be scaled to an exemplary range of values from 0
to 15 thatmay berepresented by 4 bits. The transformed value
may be denoted as SINR,,, indicating that the CQI may be
based on a SINR only taking into account the respective
mobile station. From equations (15) and (16) it can be seen
that all noise powers and interferences of the considered
channels may be absorbed in the CQI value while the normal-
ized spatial correlation matrix may be independent thereof.

The base station may determine precoding weights in the
form of precoding matrices (or precoding vectors) P, and P,
for each of the mobile stations. For this purpose, a criterion of
maximizing a Signal to Leakage plus Noise Ratio (SNLR)
may be applied by

trace(PH R, P;) 17
maxp. (SLINR) = —— M
' trace(P{'R;P;)
ittt L LN
N !
and
trace(PY R;P)) (18)
maxp; (SLNR) =

trace(P R, P;
(P R J)+Nj
Nix

N, and N, denote an interference plus noise power at the i-th
and j-th mobile station, respectively. In equations (17) and
(18), the numerator may represent a signal power associated
with the respective channel while the first addend of the
denominator may represent an interference resulting from a
respective other mobile station. Note that, for the case of three
mobile stations, the trace in the first addend of the denomi-
nator may be extended by an additional addend representing
an interference resulting from the third mobile station.

The precoding vectors P, and P, correspond to the closed-
form solutions

P=max eig{(Rl-+N,-I)’1Rj} (19)
and

Prmax eig{(R+ND)"'R;} (20)
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where [ denotes a unity matrix. The input of the operator
“maxeig” is a matrix of dimension N, xN, and the operator
“maxeig” corresponds to obtaining the Eigenvectors having
the largest N, Eigenvalues of the input matrix. Note that the
number of precoding vectors corresponds to the number of
considered mobile stations. The precoding vectors may e.g.
be computed by using a Matrix-Pencil method.

An effective correlation matrix T may be determined at the
base station according to

I=[PEYIGIP.P)).

CQI values may be determined at the base station. The CQI
values may be utilized for a MU-MIMO transmission and
thus may also be referred to as MU-MIMO CQI or MU-
SINR/CQI. On the basis of such CQI values, a communica-
tion between the base station and the first mobile station
and/or the second mobile station may be adjusted. For
example, a link adaptation of a transmission channel between
the first mobile station and the base station may be adjusted.
In another example, a link adaptation of a transmission chan-
nel between the second mobile station and the base station
may be adjusted.

The MU-MIMO CQI may depend on a receiver type
included in the considered mobile station(s). For the case of
aninterference unaware equalizer, e.g. MRC, the MU-MIMO
CQI may be determined by

eay)

PHG;P; 22)
trace(P? G;P;) 1

Nox SINRsy.;

SINRyy mrc, = 10logl 0[

It is noted that the MU-MIMO CQI of equation (22) may be
determined without interference suppression operations, i.e.
it does not depend on an interference between data streams
transmitted between the first mobile station and the base
station and data streams transmitted between a second mobile
station and the base station.

For the case of an interference aware equalizer, e.g. IRC, a
matrix B may be determined by

B = (THT + ;1]71. @
' SINRsy ;

A MU-MIMO CQI may be determined for each of the mobile
stations according to

SINR 24
SINRyy rc.i = 1010g10(B—SU] @4

1,0

wherein B, , denotes diagonal elements of the matrix B, asso-
ciated with the i-th mobile station.
A maximum sum capacity may be determined according to

C; ~log 2(14+SINR 77, +og 2(14+SINRy 7). 25)

Note that the number of addends in equation (25) particularly
corresponds to the number of considered mobile stations.
Based on the value of the sum capacity, a communication
between the base station and the first mobile station and/or the
second mobile station may be adjusted. For example, a link
adaptation of a transmission channel between the first mobile
station and the base station may be adjusted. In another
example, a link adaptation of a transmission channel between
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the second mobile station and the base station may be
adjusted. In yet another example, it may be determined
whether the base station schedules the first mobile station and
the second mobile station for a simultaneous data transmis-
sion of first data between the first mobile station and the base
station and second data between the second mobile station
and the base station. In particular, the two mobile stations
having the MU-MIMO CQI values resulting in a maximum
value of the sum capacity of equation (25) may be “UE
paired”. Such adjustments, and thus determining the MU-
MIMO CQIs and/or the sum capacity, may be performed
periodically, for example for each frame or for each subframe.
Alternatively, the adjustments may be performed non-peri-
odically, for example by the base station triggered at prede-
termined times.

FIG. 5 illustrates performances of radio communication
systems wherein throughput performances in Mibit/s are
plotted against an SNR per receive antenna in dB. Five graphs
are illustrated wherein a first graph (see “interference free
transmission”) refers to an interference free radio communi-
cations system. A second graph (see “proposed MU-CQI
scheme, IRC”) refers to a radio communications system
based on one of the methods 100 to 400 and based on a
calculation of a MU-MIMO CQI according to equation (24).
A third graph (see “proposed MU-CQI scheme, MRC”) refers
to a radio communications system based on one of the meth-
ods 100 to 400 and based on a calculation of a MU-MIMO
CQIl according to equation (22). A fourth and fifth graph (see
“conventional MU-CQI scheme, IRC” and “conventional
MU-CQI scheme, MRC”) refer to schemes known from LTE
and LTE-A employing an IRC and MRC, respectively. In
these cases, a post-processing SINR of IRC and MRC receiv-
ers has been calculated at the base station based on a SU-
MIMO CSI feedback (SU MIMO PMI/RI/CQI).

In FIG. 5, a low mobility scenario is considered where a
speed of the mobile stations is about 3 km/h. A Spatial Chan-
nel Model Extended (SCME) and a high correlated antenna
configuration (see “Urban Macro”) have been applied. In
addition, ideal channel estimation, HARQ, Adaptive Modu-
lation and Coding (AMC) and no feedback delay have been
assumed.

From FIG. 5 it becomes apparent that the methods 100 to
400 outperform the MU-MIMO CQI prediction based on the
other feedback schemes. The performances of the methods
100 to 400 is close to an interference free transmission for
both type of receivers, MRC and IRC. A reason may be that
more accurate CSI (combination of SCF and TxD CQI feed-
back) may be provided according to methods 100 to 400
compared to the other PMI/CQI feedback schemes. Conse-
quently, more suitable precoding vectors and MU-MIMO
CQI may be calculated and predicted for MU-MIMO trans-
mission. With the proposed scheme, the implementation of
advanced interference-aware receiver may be omitted which
may result in a reduced complexity of and reduced costs for
mobile stations.

While the invention has been illustrated and described with
respect to one or more implementations, alterations and/or
modifications may be made to the illustrated examples with-
out departing from the spirit and scope of the appended
claims. Also, techniques, systems, subsystems and methods
described and illustrated in the various embodiments may be
combined with other techniques, systems, subsystems and
methods without departing from the scope of the present
disclosure. Other examples of changes, substitutions and
alterations are ascertainable by one skilled in the art and could
be made without departing from the spirit and scope disclosed
herein.



US 9,088,315 B2

11

What is claimed is:

1. A method, comprising:

determining a first spatial correlation matrix at a first

mobile station;
normalizing the first spatial correlation matrix, wherein
normalizing the first spatial correlation matrix com-
prises dividing the entries of the first spatial correlation
matrix by a trace of the first spatial correlation matrix;

determining a channel state information depending on the
first spatial correlation matrix and on a noise power; and

transmitting the normalized first spatial correlation matrix
and the channel state information from the first mobile
station to a base station.

2. The method of claim 1, further comprising determining
a first channel quality indicator at the base station wherein the
first channel quality indicator is based on the normalized first
spatial correlation matrix.

3. A method, comprising:

determining a first spatial correlation matrix at a first

mobile station;
normalizing the first spatial correlation matrix;
determining a channel state information depending on the
first spatial correlation matrix and on a noise power;

transmitting the normalized first spatial correlation matrix
and the channel state information from the first mobile
station to a base station; and

quantizing the entries of the first normalized first spatial

correlation matrix on the basis of a modulation alphabet.

4. The method of claim 1, wherein the first spatial correla-
tion matrix depends on a channel matrix of a transmission
channel between the first mobile station and the base station.

5. The method of claim 1, further comprising:

determining at least one precoding vector on the basis of

the normalized first spatial correlation matrix.

6. The method of claim 5, further comprising:

determining an effective correlation matrix on the basis of

the at least one precoding vector and the normalized first
spatial correlation matrix.

7. The method of claim 2, further comprising:

performing a link adaptation of a transmission channel

between the first mobile station and the base station on
the basis of the first channel quality indicator.
8. The method of claim 2, further comprising:
determining a channel state information at the first mobile
station wherein the channel state information depends
on a trace of the first spatial correlation matrix and on a
noise power determined by the first mobile station; and

transmitting the channel state information from the first
mobile station to the base station wherein determining
the first channel quality indicator further depends on the
channel state information.

9. The method of claim 8, wherein the channel state infor-
mation comprises a ratio between the trace of the first spatial
correlation matrix and a square ofthe noise power determined
by the first mobile station.

10. The method of claim 2, wherein the first channel quality
indicator is independent of an interference between a first
data stream transmitted between the first mobile station and
the base station and a second data stream transmitted between
a second mobile station and the base station.

11. The method of claim 1, wherein the first mobile station
comprises an interference unaware receiver.

12. The method of claim 2, further comprising:

determining a second spatial correlation matrix at a second

mobile station;

normalizing the second spatial correlation matrix; and
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transmitting the second normalized spatial correlation
matrix from the second mobile station to the base sta-
tion; and

determining a second channel quality indicator at the base

station wherein the second channel quality indicator is
based on the second normalized spatial correlation
matrix.

13. The method of claim 12, further comprising:

determining on the basis of the first channel quality indi-

cator and on the basis of the second channel quality
indicator whether the base station schedules the first
mobile station and the second mobile station for a simul-
taneous data transmission of first data between the first
mobile station and the base station and second data
between the second mobile station and the base station.

14. The method of claim 13, further comprising:

determining a sum capacity on the basis of the first channel

quality indicator and on the basis of the second channel
quality indicator wherein determining whether the base
station schedules the first mobile station and the second
mobile station is based on the sum capacity.

15. The method of claim 14, wherein the sum capacity is
independent of an interference between the first data and the
second data.

16. The method of claim 13, wherein the first data and the
second data are transmitted simultaneously on a same time-
frequency resource.

17. The method of claim 13, wherein the first data and the
second data are transmitted simultaneously on a same time
and channelization/spreading code.

18. The method of claim 2, wherein determining the first
channel quality indicator is performed periodically.

19. A method, comprising:

determining a channel state information at a mobile station,

wherein the channel state information is based on a trace
of a spatial correlation matrix determined by the mobile
station and based on a noise power determined by the
mobile station;

determining a channel quality indicator based on the chan-

nel state information at the base station;

determining a normalized spatial correlation matrix at the

mobile station, wherein determining the channel quality
indicator is further based on the normalized spatial cor-
relation matrix, wherein determining a normalized spa-
tial correlation matrix comprises dividing the entries of
the spatial correlation matrix by a trace of the spatial
correlation matrix; and

transmitting the channel state information from the mobile

station to a base station.

20. The method of claim 19, further comprising:

determining a normalized spatial correlation matrix at the

base station on the basis of an Uplink/Downlink reci-
procity wherein determining the channel quality indica-
tor is further based on the normalized spatial correlation
matrix.

21. A method, comprising:

determining a first normalized spatial correlation matrix at

a first mobile station;
transmitting the normalized first spatial correlation matrix
from the first mobile station to a base station;
determining a second normalized spatial correlation matrix
at a second mobile station;
transmitting the normalized second spatial correlation
matrix from the second mobile station to the base sta-
tion;

determining a first channel state information at the first

mobile station, wherein the first channel state informa-
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tion is based on a trace of the first spatial correlation
matrix and on a noise power determined by the first
mobile station;

transmitting the first channel state information from the
first mobile station to the base station;

determining a second channel state information at the sec-
ond mobile station, wherein the second channel state
information is based on a trace of the second spatial
correlation matrix and on a noise power determined by
the second mobile station;

transmitting the second channel state information from the
second mobile station to the base station;

determining a first channel quality indicator at the base
station wherein the first channel quality indicator is
based on the normalized first spatial correlation matrix
and based on the first channel state information;

determining a second channel quality indicator at the base
station wherein the second channel quality indicator is
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based on the normalized second spatial correlation
matrix and based on the second channel state informa-
tion; and

performing at least one of the following steps: (1) perform-
ing a link adaptation of a transmission channel between
the first mobile station and the base station on the basis
of the first channel quality indicator, (2) performing a
link adaptation of a transmission channel between the
second mobile station and the base station on the basis of
the second channel quality indicator and (3) determining
on the basis of the first channel quality indicator and on
the basis of the second channel quality indicator whether
the base station schedules the first mobile station and the
second mobile station for a simultaneous data transmis-
sion of first data between the first mobile station and the
base station and second data between the second mobile
station and the base station.
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